(MW 1,214, C60H86N4O22) was isolated from the cultured broth of strain
Isolation Procedure of Avidinorubicin The isolation procedure for avidinorubicin (1) is outlined in Fig. 1 . The inhibitor in the broth filtrate (250 liters) was extracted with 162 liters ofbutyl alcohol at pH 8.5. The extract was concentrated to dryness in vacuo and suspended in 2.5 liters of H2O.This solution was extracted with a mixture of chloroform and methanol (5 : 1, 2.5 liters x 3) and the organic layer was concentrated to dryness in vacuo. The residue (18.6g) was chromatographed on a silica gel column (Wakogel C-200, 50mmx 500mm)and developed with a mixture of chloroform, methanol and aqueous ammonia (3 : 1 : 0.1) successively to yield a crude powder of 1 (554mg).
Further purification was carried out by preparative HPLC with a Capcell pak C18 column (15mm x 250mm) developed with a mixture of methanol and 25mMaqueous Na2HPO4solution (3 : 1). The eluate containing 1 was concentrated to a small volume and extracted with butyl alcohol at pH 8.5. The organic layer was concentrated to dryness in vacuo. The residue was chromatographedon a column of Sephadex LH-20 with methanol to give a reddish powder of 1 (150mg).
Structure of Avidinorubicin
The selected physico-chemical properties of 1 are summarized in Table 1 , and its XHand UVspectra are shown in Figs. 2 and 3, respectively. The molecular formula of 1 was determined to be C60H86N4O22 based on the HRFAB mass (obsd 1,215.5911, +9.9mmu for C60H87N4O22 (M+H)+) and NMR data. Its characteristic UV data suggested that 1 belonged to the anthracycline group, and the presence of a unique anomeric proton signal d 6.50 strongly suggested that 1 was closely related to nogalamycin1*, decilorubicin3), arugomycin4) and viriplanin5).
The latter three anthracyclines contain nitrosugars in the molecule as indicated by typical IR absorption at 1545 cm" 1 and 1350cm"1. The IR spectrum of 1 (Fig. 4 ) was almost identical with that of decilorubicin except and 13C NMR-spectra of 1 with those of decilorubicin.
As shown in Table 2 The carbohydrate fragments were determined to be L-rhodosamine and 4-succinyl-L-diginose based on their NMRand FAB mass spectral data, and [a]D values6'7). The MWof 3 (HRFAB-MS, obsd 814.3760, -0.3mmu for C41H56N3O14 (M+H)+), could easily be explained by cleavage of the rhodosamine and 4-succinyldiginose moieties from 1. Upon comparison of the 13C NMRspectrum of 1 with that of3, glycosidation shifts were observed at C-7 (3 69.1 for 1 vs. 62.6 for 3) and C-4'" (3 85.4 for 1 vs. 77.5 for 3) in 1. These results indicated that the sugar units were removed from C-7 and C-4'" in 1 during hydrolysis. Hydrogenolysis of 1 over Pd -BaSO4 gave 2 (MW, 1,041) and rhodosamine. This result indicated that 120  157  111  186  137  32  99  68  61  80  78  23  40  100  45   52  87  70  18  30  100  45   52  85  70  19  32  101  29  73  71  66  17  56  173  30  30 rhodosamine was attached to C-7, and consequently 4-succinyldiginose was bound at C-4"\ The anomeric protons of the rhodosamine and diginose moieties in 1 (1"'"-H and 1"'-H, respectively), observed at S 5.27 and 5.30 as broad singlets ( Table 2 ), indicated that these glycosidic bonds had a-configurations. Methanolysis of 3 (5% HC1 in methanol, 110°C, 18 hours) yielded a methyl glycoside of a novel aminosugar 5, (methyl a-L-avidinosaminide).
5 was determined to be methyl 3-amino-2,3,6-trideoxy-3-Cmethyl-a-L-n'60-hexopyranoside based on its FAB mass ((M + H)+ 176) and *H and 13C NMRspectroscopic studies (Table 3 ). The equatorial orientation of the methyl group at C-3 was elucidated by analyzing 13C NMRchemical shifts and measuring NOEs. In most cases, the 13C NMRchemical shifts of 3-axial methyl carbons of 3-C-methyl sugars are observed at higher field than those of 3-equatorial methyl carbons (Table 4 )8). The 13C NMRchemical shift of the methyl group at C-3 in 5 is similar to those of equatorial methyls of other 3-C-methyl sugars (Table 4 ) and those of decilonitroses in decilorubicin (Table 2 ). In addition, NOEswere observed between Hydrolysis of 3 (6n HC1, 110°C, 18 hours) gave an aromatized aglycone, which was identified Multiplicity and coupling constant (Hz) are in parentheses. Table 4 . 13C NMRchemical shifts of methyl 3-C-methyl-hexopyranosides (S ppm in CDC13). Data taken from refs 7, 6, and 10, respectively. b Multiplicity and coupling constant (Hz) are in parentheses.
c J value could not be determined. (Table 5) . Since the chemical shifts and coupling constants of the dimethyl aminosugar moiety (l'-H to 6'-H and C-3'-N(CH3)2) directly fused to the aglycone are similar to those of arugomycin but different from those of nogalamycin10), the relative configuration of this aminosugar moiety was also confirmed to be 3,6-dideoxy-3-dimethylamino-galactopyranose with axial orientations for 2'-H (JVt 2' = 3 Hz and /2',3'=11Hz) and 3'-H (JT 3,=llHz and JvA =1.5Hz) and an equatorial orientation for 4'-H (73,i4,= 1.5Hz).
The glycosidation shift observed at C-4' (S 73.4 in 4 vs. 80.9 in 3) indicated the sugar chain was attached to the C-4' position. In the *H and 13C NMRspectra of 3, a pair of signals assignable to the avidinosamine unit were observed (1"-H to 6"-H and 3 '-CH3, and 1"'-H to 6"'-H and 3 '-CH3 in Table  2 ) and NOEs were detected between 4'-H and 1"-H, and 4"-H and 1"'-H in the NOESYspectrum of 3. These results indicated the presence ofglycosidic bonds between 1" and 4', and V" and 4". The configurations of these glycosidic bonds were determined to be ft based on their large coupling constants (/r,f2.. =/r,,i2,,, =9.0Hz).
As a result, the structure of avidinorubicin was determined to be 1, a compoundwith two amino groups in place of two nitro groups in decilorubicin. The fragmentation patterns observed in positive FAB mass spectrum of 1 and 3 (Fig. 7) also supported this structure. The determination of the absolute stereochemistry of the aglycone is being investigated.
Biological Properties 1 inhibited thrombin-, ADP-or collagen-induced aggregation in human platelet with IC5Os 7.9, 7.9, and 3.0fiM, respectively. This compound showed cytotoxicity against HeLa cells with IC50 value being 1.37/xg/ml, which was slightly weaker than those of arugomycin and decilorubicin. This may mean that the nitro or amino group in decilonitrose and avidinosamine do not play an important role in their biological activities. Detailed biological data will be reported elsewhere.
Discussion
Avidinorubicin, containing two units of a unique aminosugar was determined to be a novel anthracycline related to decilorubicin, and its aminosugar was determined to belong to the L-series. On the assumption that the nitro group was formed biosynthetically from the amino group, avidinorubicin may be a precursor of decilorubicin. The decilonitrose moiety of decilorubicin had been determined to belong to the L-series by TACumethod and synthetic approach by Ishii et al.7) . On the other hand, the decilonitrose moiety of viriplanins was recently claimed to be of the D-series by analysis of the CDspectra of a dibenzoate derivative of the reduced product of decilonitrose by Kind et a/.n).
More recently, the L-configuration of decilonitrose was established unambiguously by synthesis of its methyl /?-glycoside starting from L-rhamnose by Nishimura et al}2). It is, therefore, gratifying that the aminosugar moiety obtained from avidinorubicin also belongs to the L-series, supporting the L-configuration of the decilonitrose moieties in decilorubicin and arugomycin.
